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EXTENDABLE/RETRACTABLE LEAD HAVING 
DOWNSIZED LEAD BODY 



Related Applications 

5 This application is related to U.S. Patent Application entitled "LEAD 

HAVING COMPOSITE TUBING" filed on even date herewith, having attorney 
docket no. 279.357US1, which is incorporated by reference herein. 

Technical Field 

10 The present invention relates generally to leads for stimulating or monitoring 

tissue. More particularly, it pertains to an extendable/retractable lead having a 
downsized lead body. 

Background of the Invention 

1 5 Leads implanted in or about the heart have been used to reverse certain life 

threatening arrhythmias, or to stimulate contraction of the heart. Electrical energy is 
applied to the heart via the leads to return the heart to normal rhythm. Leads have 
also been used to sense in the atrium or ventricle of the heart and to deliver pacing 
pulses to the atrium or ventricle. 

20 Cardiac pacing may be performed by the transvenous method or by leads 

implanted directly onto the epicardium. Permanent transvenous pacing is performed 
using a lead positioned within one or more chambers of the heart. One or more 
leads may be positioned in the ventricle or in the atrium through a subclavian vein, 
and the lead terminal pins are attached to a pacemaker, which is implanted 

25 subcutaneously. 

The leads include an outer insulative lead body for electrically insulating the 
conductor, and allowing only the electrodes to make electrical contact with the body 
tissue. The insulation of the conductor must be reliable, to prevent inadvertent 
shorting of the conductor. The outer insulation affects the several aspects of the lead 

30 structure, for example, lead flexibility and abrasion resistance, and the outer 

dimensions of the lead body. It is preferable that the lead is flexible since, the more 
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flexible a lead is, the less trauma is induced to the patient as a result of lead 
pressure. Furthermore, flexibility is an important consideration in light of the 
repeated movements of the heart, and also the tortuous path through which the lead 
is inserted. In addition, the outer body must be resistant to abrasive wear, for 
5 example, in the event that the lead rubs against another lead, implanted device, or 
anatomical structure while the lead is in use after it is implanted within a patient. 

Some leads incorporate silicone as an insulator for the conductor. However, 
while silicone is a flexible and biostable material, silicone has poor tensile and wear 
characteristics. Furthermore, silicone has a high coefficient of friction, which is a 
10 drawback, for example when two leads are placed within the patient, or when 
silicone is used in proximity with moving parts. 

Another consideration is the lead body diameter. Physicians prefer smaller 
leads because a smaller introducer can be used, and a smaller incision for the 
introducer is used. Furthermore, smaller leads are necessary when the relevant 
15 therapies require two or more leads to be implanted. 

Accordingly, there is a need for a lead, which has improved flexibility. 
What is also needed is a lead having a smaller outer diameter that does not sacrifice 
insulation. 

20 Summary of the Invention 

A lead assembly is provided herein which includes a flexible lead body 
extending from a proximal end to a distal end, and the lead body includes two or 
more conductors disposed therein. A first conductor and a second conductor form 
two of the conductors, where the first conductor is co-axial and non co-radial with 
25 the second conductor. An electrode assembly is further included with the lead 
assembly. The electrode assembly includes at least one extendable and/or 
retractable electrode electrically coupled with one of the conductors. The second 
conductor is disposed within the first conductor, and the second conductor has a 
coating of insulation on the second conductor. 
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Several options for the lead assembly are as follows. For instance, in one 
option, the second conductor comprises one or more filars in a coiled configuration, 
and the one or more filars are coated with insulative material. In another option, the 
lead assembly further includes an insulative sleeve disposed between the first 

5 conductor and the second conductor, where the sleeve optionally comprises tubing. 
The lead assembly, in another option, further includes a means for facilitating 
rotation of the first conductor relative to the second conductor. In yet another 
option, the first conductor comprises one or more filars in a coiled configuration, 
and the one or more filars are coated with insulative material. 

10 A lead assembly is provided herein which includes a flexible lead body 

extending from a proximal end to a distal end, and the lead body includes two or 
more conductors disposed therein. A first conductor and a second conductor form 
two of the conductors, and an electrode assembly is further included with at least 
one of the conductors of the lead assembly. The electrode assembly includes at least 

1 5 one extendable and/or retractable electrode electrically coupled with one of the 
conductors. The second conductor is disposed within the first conductor. The 
second conductor or the first conductor has a coating of insulation on its outer 
surface. A tubular insulative sleeve is disposed between the first conductor and the 
second conductor. 

20 Several options for the lead assembly are as follows. For instance, in one 

option, the first conductor is co-axial and non co-radial with the second conductor. 
In another option, the first conductor and the second conductor include a coating of 
insulative material thereon. In yet another option, the second conductor is rotatable 
relative to the first conductor. In another option, the first conductor has a coiled 

25 configuration having an outer coil diameter, and the first conductor has an outer filar 
diameter, and a coating of EFTE or PFTE is disposed on the outer filar diameter. 
Optionally, in the lead assembly, the second conductor has a coiled configuration 
having an outer coil diameter, and the second conductor has an outer filar diameter, 
and a coating of EFTE or PFTE is disposed on the outer filar diameter. 
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In another embodiment, a method is provided herein. The method includes 
providing a second conductor having a coiled configuration having a second outer coil 
diameter, and the second conductor has a second outer filar diameter. The method further 
includes providing insulation on the second outer filar diameter, and disposing the second 

5 coiled conductor within a first coiled conductor to form a conductor assembly, where the 
first coiled conductor is non co-radial with the second coiled conductor. In addition, the 
method includes disposing the conductor assembly within a flexible lead body, coupling 
an electrode assembly with the first and/or the second conductor, and extending and/or 
retracting an at least one electrode from and/or within the flexible lead body. 

10 Several options for the method are as follows. For instance, in one option, the 

method further includes disposing insulative tubing between the first conductor and the 
second conductor, and optionally further includes disposing insulation on a first outer 
filar diameter of the first conductor. In yet another option, the method further includes 
disposing polyimide or polyurethane tubing between the first conductor and the second 

15 conductor. In another option, the method further includes heat shrinking PTFE or ETFE 
on the second outer coil diameter. 

In another embodiment, a method includes providing a second conductor having 
a coiled configuration having a second outer coil diameter, and the second conductor has 
a second outer filar diameter. The method further includes providing insulation on the 

20 second outer filar diameter, and disposing the second coiled conductor within a first 
coiled conductor to form a conductor assembly. In addition, the method includes 
disposing the conductor assembly within a flexible lead body, coupling an electrode 
assembly with the first and/or the second conductor, and disposing tubing between the 
first conductor and the second conductor. 

25 Several options for the method are as follows. For instance, in one option, the 

method further includes extending and/or retracting the at least one electrode from and/or 
within the flexible lead body. In another option, the method further includes providing 
insulation on the second outer filar diameter. Optionally, the method includes heat 
shrinking PTFE or ETFE on the second outer coil diameter and over the insulation, 

30 and/or disposing insulation on a first outer filar diameter of the first conductor. In yet 
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another option, the method includes disposing insulation on the first outer filar diameter 
of the first conductor. 

The lead provides for a smaller lead body diameter due to the new manner in 
which insulation or layers of insulation are distributed within the lead body. For instance, 

5 smaller lead bodies, such as 6 French, are achievable. In addition, the above-described 
device allows for a secondary or redundant layer of insulation, for added reliability. The 
tubular sleeve, and also the ETFE/PTFE material or non-silicone material, facilitates 
rotation of the first conductor relative to the second conductor, for instance, for extending 
and/or retracting an electrode from and to the lead body. 

10 These and other embodiments, aspects, advantages, and features of the present 

invention will be set forth in part in the description which follows, and in part will 
become apparent to those skilled in the art by reference to the following description of the 
invention and referenced drawings or by practice of the invention. The aspects, 
advantages, and features of the invention are realized and attained by means of the 

15 instrumentalities, procedures, and combinations particularly pointed out in the appended 
claims and their equivalents. 



Brief Description of the Drawings 

Figure 1 illustrates a system for monitoring and stimulating the heart 
20 constructed in accordance with one embodiment. 

Figure 2 is a cross-section of a portion of a lead assembly constructed in 

accordance with one embodiment. 
Figure 3 is a cross-section of a portion of a lead assembly constructed in 
accordance with one embodiment. 
25 Figure 4 is a cross-section of a portion of a lead assembly constructed in 

accordance with one embodiment. 
Figure 5 is a cross-section of a portion of a lead assembly constructed in 

accordance with one embodiment. 
Figure 6 is a block diagram illustrating a method in accordance with another 
30 embodiment. 
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Description of the Embodiments 

In the following detailed description, reference is made to the accompanying 
drawings which form a part hereof, and in which is shown by way of illustration specific 
embodiments in which the invention may be practiced. These embodiments are described 
5 in sufficient detail to enable those skilled in the art to practice the invention, and it is to 
be understood that other embodiments may be utilized and that structural changes may be 
made without departing from the scope of the present invention. Therefore, the following 
detailed description is not to be taken in a limiting sense, and the scope of the present 
invention is defined by the appended claims and their equivalents. 

10 Figure 1 illustrates a system 200 for delivering electrical pulses to stimulate a 

heart 101 and/or for receiving electrical pulses to monitor the heart 101. The system 200 
includes a pulse generator and signal sensor 109 and a lead 100. The lead 100 extends 
from a distal end 102 to a proximal end 104, and has an intermediate portion 105 
therebetween. The distal end 102 is adapted for implantation within the heart of a patient 

15 and the proximal end 104 has a terminal connector, which electrically connects the 
various electrodes and conductors within the lead body 1 15 to a pulse generator and 
signal sensor 109. The pulse generator and signal sensor 109 contains electronics to 
sense various electrical signals of the heart and also produce current pulses for delivery to 
the heart 101. The pulse generator and signal sensor 109 is implanted pectorally, 

20 abdominally, or elsewhere within the patient. 

The lead 1 00 includes a lead body 1 1 5, for instance a flexible lead body 1 1 5, at 
least one elongate conductor 160 (Figures 2-5) contained within the lead body 115, and 
at least one electrode 120 coupled with the lead 100. The lead body 1 15, as further 
described below, includes an elongate body formed of, for example, at least one polymer 

25 such as a medical grade silicone rubber for translumenal insertion and access within a 
living organism such as a patient. In one option, the lead body 1 15 is tubular and has an 
outer diameter that is small enough for translumenal insertion into the coronary sinus 103 
and/or great cardiac vein 106. 

The at least one electrode 120 is electrically coupled with the at least one elongate 

30 conductor 160 (Figures 2 - 5). The at least one electrode 120, in one option, is extendable 
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and/or retractable from and/or to the lead body, such as a helix. Optionally, the at least 
one elongate conductor 160 comprises a coiled conductor and defines a lumen therein and 
thereby is adapted to receive a stiffening stylet that extends through the length of the lead 
100. 

5 The stylet is used to stiffen the lead 100, and is manipulated to facilitate the 

insertion of the lead 100 into and through a vein and through an intracardiac valve to 
advance the distal end 102 of the lead 100 into, for example, the ventricle of the heart 
101. Optionally, a stylet knob is coupled with the stylet for rotating the stylet, advancing 
the conductor into tissue of the heart, and for manipulating the lead 100. Alternatively, 

10 the at least one elongate conductor 160 comprises other forms of conductors, such as a 
cable conductor, or a braided conductor as further discussed below. 

Figure 2 illustrates a portion of the lead shown in Figure 1, including the lead 100, 
and/or the lead 100 and the pulse generator and signal sensor 109 (Figure 1). The lead 
100, in one option, is used to chronically stimulate the heart 101 (Figure 1), such that the 

15 lead 100 is implanted on or about the heart 101 (Figure 1) for long periods of time. As 
mentioned above, the lead body 115 includes an outer covering of insulation, and 
includes at least one elongate conductor 160. In one option, the elongate conductor 160 
extends substantially along the entire length between the distal end 102 (Figure 1) and the 
proximal end 104 (Figure 1) of the lead 100. The at least one elongate conductor 160, in 

20 one option, includes a first outer conductor 152 and a second conductor 154. It should 
be noted that the at least one elongate conductor 160 optionally includes two or more 
conductors which are co-radial or are non-co-radial with each other. 

The first outer conductor 152, in one option, is co-axial but not co-radial with the 
second conductor 154, for example, the first outer conductor 152 and/or the second 

25 conductor 154 have a coiled configuration. For example, the second conductor 154 is 
disposed within the first outer conductor 152. In another option, the second conductor 
154 includes one or more filars, which collectively have a second outer filar diameter 
156. The second outer filar diameter 156 optionally includes a layer of insulation 158. 
Suitable materials for the layer of insulation 158 include, but are not limited to, PTFE, 

30 ETFE, or polyimide. 
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In one option, an inner sleeve of insulation 172 is disposed between the first outer 
conductor 152 and the second conductor 154. The inner sleeve of insulation 172 is in 
addition to the lead body 115. The inner sleeve of insulation 172, in one option, is 
disposed adjacent to the first outer conductor 152 and to the second conductor 154. In 
5 another option, the inner sleeve of insulation 172 comprises a tube of material. Suitable 
materials for the inner layer of insulation 172 include, but are not limited to, polyurethane 
or polysiloxane urethane, or a non-silicone material. In yet another option, the one or 
more conductors are co-radial, and the outer conductor includes a coating of insulation, 
such as ETFE, PTFE, or polyimide. The inner insulation 172 may or may not rotate with 
10 the second conductor 154 when it is used to rotate or extend or retract the electrode. 

Referring to Figure 3, the first outer conductor 152, in one option, is co-axial but 
not co-radial with the second conductor 154, for instance the first outer conductor 152 
and/or the second conductor 154 are in a coiled configuration. For example, the second 
conductor 154 is disposed within the first outer conductor 152. In another option, the 
15 first outer conductor 152 includes one or more filars, which collectively have a first outer 
filar diameter 162. The first outer filar diameter 162 optionally includes a layer of 
insulation 164. Suitable materials for the layer of insulation 164 include, but are not 
limited to, PTFE, ETFE, or polyimide. In yet another option, the one or more conductors 
are co-radial, and the outer conductor includes a coating of insulation, such as ETFE, 
20 PTFE, or polyimide. 

In one option, an inner sleeve of insulation 172 is disposed between the first outer 
conductor 152 and the second conductor 154. The inner sleeve of insulation 172 is in 
addition to the lead body 115. The inner sleeve of insulation 172, in one option, is 
disposed adjacent to the first outer conductor 152 and to the second conductor 154. In 
25 another option, the inner sleeve of insulation 172 comprises a tube of material. Suitable 
materials for the inner layer of insulation 172 include, but are not limited to, 
polyurethane, polyimide, polysiloxane urethane, or a non-silicone material. 

Figure 4 illustrates another embodiment of the lead 100 (Figure 1). The lead 100 
includes the first outer conductor 152 and the second conductor 154. The first outer 
30 conductor 152, in one option, is co-axial but not co-radial with the second conductor 154, 
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for instance the first outer conductor 152 and/or the second conductor 154 are in a coiled 
configuration. For example, the second conductor 154 is disposed within the first outer 
conductor 152. In another option, the first outer conductor 152 includes one or more 
filars, which collectively have a first outer filar diameter 162. The first outer filar 
5 diameter 162 optionally includes a layer of insulation 164. Suitable materials for the 
layer of insulation 164 include, but are not limited to, PTFE, ETFE, or polyimide. In 
another option, the second conductor 154 includes one or more filars, which collectively 
have a second outer filar diameter 156. The second outer filar diameter 156 optionally 
includes a layer of insulation 158. Suitable materials for the layer of insulation 158 

10 include, but are not limited to, PTFE, ETFE, or polyimide. 

An inner sleeve of insulation 172 is disposed between the first outer conductor 
152 and the second conductor 154. The inner sleeve of insulation 172 is in addition to 
the lead body 115. The inner sleeve of insulation 172, in one option, is disposed adjacent 
to the first outer conductor 152 and to the second conductor 154. In another option, the 

15 inner sleeve of insulation 172 comprises a tube of material. Suitable materials for the 
inner layer of insulation 172 include, but are not limited to, polyurethane or polysiloxane 
urethane. The inner layer of insulation 172 may or may not rotate with the second inner 
conductor 154 when it is used to rotate, extend, or retract the electrode. 

Figure 5 illustrates yet another embodiment of the lead 100. The lead 100 

20 includes the first outer conductor 152 and the second conductor 154. The first outer 

conductor 152, in one option, is co-axial but not co-radial with the second conductor 154, 
for instance the first outer conductor 152 and/or the second conductor 154 are in a coiled 
configuration. For example, the second conductor 154 is disposed within the first outer 
conductor 152. In another option, the first outer conductor 152 includes one or more 

25 filars, which collectively have a first outer filar diameter 162. The first outer filar 
diameter 162 includes a layer of insulation 164. Suitable materials for the layer of 
insulation 164 include, but are not limited to, PTFE, ETFE, or polyimide. 

Referring to Figure 6, a block diagram is shown illustrating a method, which 
includes, in one option, providing insulation on a second outer filar diameter of a second 

30 conductor. The method further includes disposing the second conductor within the first 
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conductor, and disposing a sleeve of insulative material between the first conductor and 
the second conductor. The method optionally includes providing insulation on the first 
outer filar diameter of the first conductor, and further optionally includes rotating the first 
or second conductor and rotating active fixation device. The insulative materials, 
5 specifics of which are further discussed above, facilitate the movement of the first 

conductor relative to the second conductor, and further facilitate extension and retraction 
of the electrode. 

In another embodiment, a method includes providing a second conductor having 
a coiled configuration having a second outer coil diameter, and the second conductor has 
10 a second outer filar diameter. The method further includes providing insulation on the 
second outer filar diameter, and disposing the second coiled conductor within a first 
coiled conductor to form a conductor assembly, where the first coiled conductor is non 
co-radial with the second coiled conductor. In addition, the method includes disposing 
the conductor assembly within a flexible lead body, coupling an electrode assembly with 
15 the first and/or the second conductor, and extending and/or retracting an at least one 
electrode from and/or within the flexible lead body. 

Several options for the method are as follows. For instance, in one option, the 
method further includes disposing insulative tubing between the first conductor and the 
second conductor, and optionally further includes disposing insulation on an first outer 
20 filar diameter of the first conductor. In yet another option, the method further includes 
disposing polyimide or polyurethane tubing between the first conductor and the second 
conductor. In another option, the method further includes heat shrinking PTFE or ETFE 
on the second outer coil diameter. 

In another embodiment, a method includes providing a second conductor having 
25 a coiled configuration having a second outer coil diameter, and the second conductor has 
a second outer filar diameter. The method further includes providing insulation on the 
second outer filar diameter, and disposing the second coiled conductor within a first 
coiled conductor to form a conductor assembly. In addition, the method includes 
disposing the conductor assembly within a flexible lead body, coupling an electrode 
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assembly with the first and/or the second conductor, and disposing tubing between the 
first conductor and the second conductor. 

Several options for the method are as follows. For instance, in one option, the 
method further includes extending and/or retracting the at least one electrode from and/or 
5 within the flexible lead body. In another option, the method further includes providing 
insulation on the second outer filar diameter. Optionally, the method includes heat 
shrinking PTFE or ETFE on the second outer coil diameter and over the insulation, 
and/or disposing insulation on an first outer filar diameter of the first conductor. In yet 
another option, the method includes disposing insulation on the first outer filar diameter 

10 of the first conductor. 

Advantageously, the above-described lead provides for a smaller lead body 
diameter due to the new manner in which insulation or layers of insulation are distributed 
within the lead body. For instance, smaller lead bodies, such as 6 French, are achievable. 
In addition, the above-described device allows for a secondary or redundant layer of 

15 insulation, for added overall reliability. Furthermore, the tubular sleeve provides a cost 
efficient lead design, which further improves ease of manufacturability. The tubular 
sleeve, and also the ETFE/PTFE material or non-silicone material, facilitates rotation of 
the first conductor relative to the second conductor, for instance, for extending and/or 
retracting an electrode from and to the lead body. 

20 It is to be understood that the above description is intended to be illustrative, and 

not restrictive. For instance, the leads described above include, but are not limited to, 
tachy, brady, or coronary sinus leads. It should be noted that features of the various 
above-described embodiments may be interchanged to form additional combinations. 
Many other embodiments will be apparent to those of skill in the art upon reviewing the 

25 above description. The scope of the invention should, therefore, be determined with 

reference to the appended claims, along with the full scope of equivalents to which such 
claims are entitled. 
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